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In Drosophila embryos, germ cells and somatic cells
are formed separately. A recent analysis of the slow
as molasses (slam) gene provides a potential link
between somatic cell formation and germ cell
migration.
Fertilised eggs of metazoan organisms undergo a
series of rapid cleavage divisions, which give rise to
two distinct cell types: the somatic cells and the germ
cells [1]. During morphogenesis of the gonad, the
germ cells migrate through the interior of the embryo
to the somatic gonadal tissues. Germ cells have to
overcome many hurdles during their migration: they
need to cross an epithelial monolayer; they migrate
directionally between tissues; and they have to recog-
nise and firmly attach to target tissues. Systematic
genetic screens in Drosophila are providing insights
into the pathways that control the directional migration
of germ cells [2,3]. A novel player, slow as molasses
(slam), has now been identified which is exceptional in
that this gene is active before germ cell migration —
during the establishment of the somatic cells [4,5].
In Drosophila, fertilisation is followed by 13 rapid
mitotic cycles without cytokinesis; most of the result-
ing nuclei migrate to the cortical cytoplasm by cycle 9
[6]. The germ cells are the first cells to be formed.
During cycle 9, the germ cells pinch off in a particular
posterior cortical region of the egg containing the
germ plasm. At interphase of cycle 14, cytokinesis 
of the somatic cells proceeds in a process called
cellularisation. The germ cells are attached to a
posterior region of the blastoderm epithelium, the part
that will give rise to the distal tip of the posterior
midgut primordium (Figure 1). When the midgut
primordium has invaginated during gastrulation, the
germ cells begin their migration [1]. The germ cells
first migrate through the posterior midgut epithelium
to its basal side, where they move along the basal
surface of the midgut into the lateral mesoderm [7,8].
In the mesoderm, the germ cells split up into two bilat-
eral groups and then associate with the gonadal
mesoderm. Later the gonadal mesoderm and the
germ cells coalesce to establish the embryonic gonad.
What tells the germ cells when to start moving,
where to move and when to stop? The analysis of
three genes provided strong evidence that the direc-
tional migration of the germ cells is governed by
attractive and repulsive cues. The genes wunen
(wun) and wunen-2 (wun-2) provide repulsive signals,
which act redundantly [9,10]. In wun; wun-2 double
mutants, the germ cells remain associated with the
basal surface of the midgut epithelium, and misex-
pression of the wun genes is sufficient to make germ
cells avoid the expressing tissue. Because wun and
wun-2 are expressed in most cells of the posterior
midgut, it is thought that the wun genes act to repel
germ cells from the midgut once they have crossed
the epithelium. 
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Figure 1. A cartoon of germ cell migration in wild-type and
mutant Drosophila embryos.
(A) At the cellular blastoderm stage, the germ cells (gc) are
localised to the posterior pole of the embryo atop of the
somatic cell (sc) epithelium. (B) At the beginning of gastrulation,
the posterior midgut primordium (pmg) forms and the germ
cells are passively translocated to the dorsal side of the
embryo; the mesoderm (mes) is marked with red colors. (C)
With the invagination of the posterior midgut primordium, the
germ cells are internalised and remain in the lumen of the pos-
terior midgut. (D) After gastrulation, the germ cells actively
migrate through the distal tip of the posterior midgut pri-
mordium to the basal surface of the epithelium. (E) The cells
then migrate off the midgut epithelium and spread into the
lateral mesoderm. (F) In slam or hmgcr mutant embryos, most
germ cells fail to translocate from the midgut to the mesoderm
and remain associated with the midgut epithelium.
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The wun genes encode lipid phosphatases and so
might act indirectly to produce a repulsive signal.
Furthermore, mutations of HMG-CoA reductase (hmgcr)
strongly impair migration of the germ cells to and
within the lateral mesoderm [11]. In contrast to the
wun genes, however, misexpression of hmgcr attracts
germ cells to the respective tissues, indicating that
hmgcr produces an attractive signal for germ cells.
Like wun, hmgcr encodes an enzyme of lipid metab-
olism, but the molecular nature of the putative chemo-
attractant produced by this pathway remains elusive.
A recent study of the role of the signalling molecule
Hedgehog (Hh) in germ cell migration is consistent
with the idea that Hh might be such an attractive
signal [12].
It has been suggested that there might be a parallel
pathway for attracting germ cells to the mesoderm, as
some germ cells still migrate to the mesoderm in
hmgcr null-mutants. The recent identification of the
novel slam gene might provide a handle on this elusive
second pathway [4]. Embryos mutant for weak alleles
of slam exhibit germ cell migration defects similar to
those observed in hmgcr mutants. Strikingly, embryos
doubly mutant for hmgcr and slam exhibit a much
stronger phenotype than either single mutant, indicat-
ing that the genes might act in parallel pathways. The
slam gene encodes a novel protein, showing no signif-
icant homologies to any known proteins in databases
[4,5]. Unlike the wun genes and hmgcr, slam is not
expressed during germ cell migration; it is expressed
only before gastrulation and its transcripts and protein
fade to non-detectable levels when gastrulation
begins. Thus, Slam might be required for processes
before germ cell migration and slam mutant embryos
might exhibit earlier defects. In fact, slam null mutant
embryos exhibit severe defects in cellularisation.
Cellularisation during Drosophila embryogenesis
involves the concerted cytokinesis of about 6000 cells,
generating an epithelial monolayer which surrounds a
central yolk cell (Figure 2). The classic description of
cellularisation divides the process into two phases with
different velocities of membrane extension: a slow
phase and a fast phase [13,14]. During the slow phase,
membrane is inserted from intracellular pools into the
egg surface [15]. Concomitantly, separated membrane
domains are formed as the membrane is extended in
between the monolayer of nuclei. The first membrane
domain to be formed is the furrow canal. The furrow
canal becomes isolated from the rest of the membrane
by an adherens junction-like structure, the so-called
basal junction [16]. The formation of these membrane
subdomains is blocked in embryos lacking slam func-
tion. Consequently, the slow phase of membrane
extension is absent and only the fast phase occurs,
albeit at a slower rate.
It remains unclear why, in slam mutants, there is a
failure of both membrane extension and the formation
of membrane subdomains. Slam protein is localised to
the furrow canal and partly colocalises with cytoplas-
mic myosin and the scaffolding protein Discs lost (Dlt)
[4,5]. Strikingly, Slam is also required for the localisa-
tion of these proteins. Lecuit et al. [5] suggest two
models for Slam activity. The first model proposes
that Slam is essential to form a submembraneous
protein scaffold — including Dlt and other, as yet
unknown proteins — and helps to connect this
complex to the actin–myosin network. The alternative
model takes into account the observation that several
endogenous membrane proteins, such as Toll and
Neurotactin, are mislocalised in slam mutant embryos.
Accordingly, Slam might be directly involved in a
membrane transport mechanism, which acts to gen-
erate distinct membrane subdomains like the furrow
canal and the basal junction. The two models are not
mutually exclusive, and both imply an essential role
for membrane protein scaffolds such as cell junctions
in vesicle transport [14].
The question remains how to explain the require-
ment of Slam for germ cell migration. It has been sug-
gested that Slam function is restricted to the somatic
cells, because slam is not expressed in the germ cells
[4]. While in embryos mutant for certain slam alleles
cellularisation defects might be rather subtle, they still
might lead to a failure in the insertion or localisation of
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Figure 2: A cartoon of cellularisation in
Drosophila.
(A) After 13 cleavage divisions without
cytokinesis, the embryo consists of a
syncytium with about 6000 nuclei sitting
in the cortical cytoplasm in a monolayer
configuration. (B) During interphase of
cycle 14, this syncytial blastoderm is
transformed into a cellular blastoderm in
a process called cellularisation.
Cellularisation leads to the formation of
the polarised blastoderm epithelium 
and the central yolk cell. (C,D) Active
membrane  rowth is essential for
cellularisation. Initially, during slow
phase membrane growth is slow and
distinct membrane subdomains are
formed. First, large parts of the egg
surface membrane (red) are recruited into the furrow canal (FC). (C) New membrane (green) is inserted into the region apical to the
nuclei (NU). (D) A second membrane domain is formed as an adherens junction, the basal junction (BJ), which forms just apical to
the base of the furrow canal. (E) Finally, during fast phase, the furrow canals widen and eventually fuse with each other. Along the
lateral membrane domain, spot adherens junctions (SAJ) are formed which later coalesce to form an apical adherens junction, the
precursor of the functional zonula adherens.
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a guidance factor to the basal membrane domain of
the epithelium. This guidance factor — an attractant or
repellent — is likely to act in parallel with HMG CoA
reductase. In conclusion, slam encodes a regulator of
polarised membrane growth and its function is
required after the time of its expression for the guid-
ance of the germ cells. The analysis on slam demon-
strates once more the power of detailed analysis of
mutants in providing unexpected links between
essential cell biological processes. Further studies on
the function of slam are therefore likely to provide
important insights into both of these fundamental bio-
logical processes.
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